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Smoking impacts both innate and adaptive immune system by either exacerbating the immune responses or 
weakening the defense immunity [1]. It was found to reduce the sensitivity of peripheral neutrophils’ stimulation by 
interleukin (IL)-8 which suggesting smoking may interfere the inflammatory process by affecting the release of pro-
inflammatory cytokines [2]. Saliva has defense mechanisms against pathogen microorganisms, in the presence of defense 
proteins that react in specific (immunoglobulins) or non-specific (lysozyme, peroxidase, cystatins, lactoferrin, hystatins 
and others) ways, inhibiting microorganisms’ growth [3,4]. There are two most abundant AMPs produced by epithelial 
cells and salivary glands, and also localized in granules of neutrophils; lactoferrin and lysozyme [5]. Lactoferrin helps to 
improve immunity by inhibiting iron uptake by microorganisms, thereby reducing bacterial growth [6]. Meanwhile, 
lysozyme may enhance protection against gram-positive bacteria [7]. Although smoking is a risk factor for various 
diseases, people find it is hard to stop smoking. There is a belief that if a person cannot stop smoking, performing a 
regular exercise might help in reducing the smoking-related risks. It is well known that moderate exercise may enhance 
immune function [8].
Abstract: Smoking can weaken immune function as reported in previous studies. However, benefits of exercise in 
reducing negative effects of smoking on salivary lactoferrin responses is scarce to date. Hence, the purpose of this 
study is to determine the effects of an acute bout of exercise on salivary lactoferrin responses among smokers and 
non-smokers. Eighteen sedentary men were recruited; nine smokers (age = 22.4 ± 1.4 years; BMI = 22.1 ± 1.1 kg/m2) 
and nine non-smokers (age = 22.1 ± 0.7 years old; BMI = 22.5 ± 1.9 kg/m2). In this study, participants cycled at an 
intensity of 60% maximum heart rate for 60 minutes. Participants were given cool water as much as 3 ml/kg body 
weight at minutes 20 and 40 during the exercise session. Participants’ body weight and saliva samples were collected 
at pre and post-exercise. Heart rate and rate of perceived exertion (RPE) were recorded at pre, during and post-
exercise. Mixed ANOVA was used to measure significant differences between groups and within group. The results 
showed that saliva flow rate, lactoferrin concentration and lactoferrin secretion rate were not significantly different 
(p>0.05) between smokers and non-smokers groups and also between pre and post-exercise within each group. Heart 
rate and RPE showed significant increased (p<0.05) during the exercise session in both groups. As a conclusion, acute 
bout of exercised does not affect salivary lactoferrin responses among sedentary smokers and non-smokers men. 
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Numerous studies have investigated the effects of exercise on immune function among smokers in order to understand 
how exercise might help smokers to enhance their immune function. For example, previous study found that smokers 
exhibit elevated monocyte chemo-attractant protein-1 and IL-1β following 40 minutes cycling on a stationary cycle 
ergometer at 50% VO2peak [9]. In addition, a separate study found that preventive exercise impeded histological changes 
and increased the enzymatic defense system (superoxide dismutase and glutathione peroxidase) by reducing oxidative 
damage in lipids and proteins [10]. Another study also found positive effects of exercise in inhibiting the effects of smoke-
induced chronic obstructive pulmonary disease where, exercise inhibited smoke-induced increases in total leukocytes, 
neutrophils, lymphocytes, and monocytes in blood, as well as serum levels of IL-1β, IL-17, and TNF-α, while increased 
the levels of IL-10 [11]. 
Nevertheless, to date, to our knowledge, no study has been carried out to investigate the effects of exercise on salivary 
lactoferrin responses among smokers. Thus, the present study was proposed to be carried out to fill in this gap of knowledge 




This study employed experimental study design with pre and post-test measurements (Fig. 1). This study was 
conducted in the Exercise and Sport Science Laboratory of School of Health Sciences, Universiti Sains Malaysia (USM), 
Kota Bharu, Kelantan. This study has been approved by the Human Research and Ethics Committee of USM (Code: 
USM/JEPeM/17020119). Participants were recruited among USM students and staff. Sample size was calculated by using 
PS Software. Based on a study which was carried out by Gillium et al. [12], the power of the study was set at 80% with 
95% confident interval, the standard deviation (σ) observed was 750 (units/ml) of lactoferrin concentration, and difference 
in population mean (δ) was set at 1035 (units/ml) of lactoferrin concentration. The calculated sample size was 9 participants 
per group. Thus, 18 participants were recruited in the present study. They were male with age between 20 to 30 years old, 
healthy, non-smokers or smokers (10-20 sticks per day with years of smoking of at least 2 years), not physically active 
(exercise not more than once per week), and answered ‘no’ to all questions in the Physical Activity Readiness 
Questionnaire (PAR-Q+) during pre-exercise health screening. Besides, the exclusion criteria include those who are on 
medication and involved in other exercise programme. After recruitment process, participants’ height and weight were 
measured and their body mass index (BMI) was calculated. Participant’s workload at 50% and 60% of their maximum 

















Fig. 1 - Flow chart of the study procedures 
 
Participants came to the laboratory after an overnight fast on the exercise trial day. Saliva sample (2 ml) was 
collected to determine saliva flow rate and salivary lactoferrin concentration and secretion rate. Saliva sample was 
obtained by 5 minutes un-stimulated dribbling into a pre-weighed collection tube. During the saliva sample collection, 
they were asked to sit on chair, lean their head forward and let the saliva passively dribble into the tube (without using 
tongue and mouth movement). The tube with saliva was then weighed and recorded.
Participants’ recruitment and screening 
Smokers (n=9) ; Non- smokers (n=9) 
Preliminary Tests:  
Submax test, VO2max test and shuttle run 
Exercise trial: 
Cycling (Ergometer) at 60% HRmax for 60 min 
 
*Saliva sample (2 ml) collection before and after exercise for analysis of saliva flow rate & 
salivary lactoferrin concentration and secretion rate 
Data Analysis: 
SPSS version 24 – Descriptive statistics and Mixed ANOVA 




The exercise trial was begun with 5 min warm up by cycling on an ergometer at 50% HRmax, followed by cycling on 
an ergometer at 60% HRmax for 60 min. During cycling, HR and rate of perceived exertion (RPE) were recorded at every 
20 min. In addition, they were given 3 ml/kg body weight of cool water to avoid dehydration at min 20 and 40 during 
exercise. Immediately post-exercise, a second saliva sample (2 ml) was collected. Lactoferrin was analysed by using a 
commercially available reagent kit (Assaypro, USA) via the ELISA method. Following are how the saliva flow rate and 
salivary lactoferrin secretion rate were calculated in this study: 
 
Saliva flow rate (ml/min) = Saliva volume (ml) / Collection time (min) 
Saliva lactoferrin secretion rate (µg/min) = Saliva flow rate (ml/min) × Saliva lactoferrin concentration (µg/ml) 
 
Data gathered were analysed by using Statistical Package for Social Science (SPSS) software, version 24.0 for 
Windows. The tests used were the descriptive statistics and mixed analysis of variance (ANOVA). The accepted level of 
significance was set at p<0.05. Results were reported as mean ± standard deviation (SD). 
 
3. Results 
3.1 Physical and Physiological Characteristics 
Mean age, weight, height, and BMI of the participants are shown in the Table 1. Descriptive statistics showed no 
significant different (p>0.05) of age, weight, height and BMI values between groups were. Mean of HR and RPE of the 
participants at pre and post- exercise were also tabulated in the Table 1. Mixed ANOVA revealed significant interaction 
on HR and RPE where, they were significantly increased over the time (time effect): HR (F = 2.2; df = 3; p = 0.104) and 
RPE (F = 0.8; df = 3; p = 0.458). The value of HR and RPE at baseline (pre) and at the end of the exercise (post) were 
shown in the Table 1. 
 
3.2 Saliva Flow Rate 
The average of saliva flow rate for smokers and non-smokers groups are shown in the Fig. 2. Mixed ANOVA 
revealed that there was no significant interaction between time and group on saliva flow rate (F = 0.08; df = 1; p = 0.774). 
 
Table 1 - Physical and physiological characteristics of the participants in both groups. 
 





Age (years)  22.4 ± 1.4 22.1 ± 0.7 0.241 
Weight (kg)  61.7 ± 4.3 65.0 ± 5.7 0.114 
Height (cm)  166.7 ± 5.6 169.9 ± 6.2 0.188 
BMI (kg/m2)  22.1 ± 1.1 22.5 ± 1.9 0.405 
HR (beats/min) 
Pre 80.4 ± 4.2 82.1 ± 5.1 F = 2.2; df = 3; 
p = 0.104 Post 145.8 ± 6.8 146.4 ± 7.5 
RPE (Borg’s unit) 
Pre 6.0 ± 0.0 6.0 ± 0.0 F = 0.8; df = 3; 
p = 0.458 Post 13.5 ± 1.5 14.0 ± 0.5 
 
 
Fig. 2 - Saliva flow rate (ml/min) at pre and post-exercise for both groups  
(No significant difference between and within group).
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3.3 Salivary Lactoferrin Concentration 
The average of salivary lactoferrin concentration for both groups are shown in the Fig. 3. Mixed ANOVA revealed 
that there was no significant interaction between time and group on salivary lactoferrin concentration (F = 1.3; df = 1; p 
= 0.270). 
 
Fig. 3 - Salivary lactoferrin concentration (µg/ml) at pre and post-exercise for both groups 
(No significant difference between and within group) 
 
3.4 Salivary Lactoferrin Secretion Rate 
The average of salivary lactoferrin secretion rate for smokers and non-smokers groups are shown in the Fig. 4. 
Mixed ANOVA revealed that there was no significant interaction between time and group on salivary lactoferrin secretion 
rate (F = 0.28; df = 1; p = 0.60). 
 
Fig. 4 - Salivary lactoferrin secretion rate (µg/min) at pre and post-exercise for both groups 
(No significant difference between and within group) 
 
4. Discussion 
4.1 Saliva Flow Rate 
In the present study, there was no significant difference on saliva flow rate between groups (group effect) and within 
each group (time effect) (Fig. 2), indicating that there is no effect of acute bout of moderate exercise on saliva flow rate. 
Several other studies also reported similar findings whereby saliva flow rate was not affected by exercise [10,13]. 
Nevertheless, there were also studies reporting significant effects of exercise on saliva flow rate; reduced following 
prolonged exercise [14]. This discrepancy may be attributed to nutritional status of the individual and the exercise 
protocol employed. 
There are some factors to be considered when measuring saliva; whether or not saliva flow rate has been stimulated, 
since this has been shown to change the composition of the saliva as well as the volume [15]. Stimulation of saliva glands 
by sympathetic nervous activity reduces saliva flow rate via vasoconstriction of the blood vessels supplying the salivary 
glands. While sympathetic stimulation is known to exert some control over glandular blood flow, it is important to note 
that this is not part of the reflex salivary response to stimuli such as anxiety, chewing, taste and sight of food [16].




Under reflex conditions, it has been shown that vasoconstriction is not responsible for altered saliva volume because 
only sympathetic nerve fibres and not vasoactive nerve fibres are stimulated [16]. Thus, decrease in flow rate associated 
with exercise is more likely related to a removal of parasympathetic vasodilatory influences rather than sympathetically-
mediated vasoconstriction, particularly since sensations of ‘dry mouth’ associated with psychological stress are related to 
parasympathetic withdrawal rather than sympathetic activation [17]. 
 
4.2 Salivary Lactoferrin Concentration and Secretion Rate 
In the present study, it was found that lactoferrin concentration and secretion rate (Fig. 3 and 4) was not significantly 
different between and within groups. In agreement with our study findings, several other studies also reported similar 
findings [18,19,20]. Nevertheless, these previous studies were conducted among athletes and non-smoking population. As 
mentioned before, to our knowledge, this is the first study carried out to investigate the effects of exercise on salivary 
lactoferrin among smokers. 
Concentration of lactoferrin has been reported increasing immediately after 30 min of intense running and was 
associated with elevated serum antibacterial activity [21]. Fielding et al. [22] also stated that levels of lactoferrin also 
increased following a 2-hour submaximal cycle followed by a bout of eccentric resistance exercise. Similarly, a previous 
study by Gillum et al. [12] found that exercise increased the concentration of salivary AMPs including lactoferrin 
concentration from pre to post-exercise with running at 75% VO2max for 45 minutes. However, a separate study found 
that salivary lactoferrin concentrations decreased during a training season in elite rowers [23]. Similarly, another study 
reported that salivary lactoferrin decreased due to an intense training session [24]. These inconsistent findings were as a 
result of different study population and exercise protocol employed. 
It has been suggested that an increase in the concentration of salivary AMPs after exercise, might confer improved 
immunity to infection [18]. Hydration during exercise may affect the ability to maintain adequate salivary AMPs secretion 
rates despite lower concentrations [25]. Therefore, maintaining hydration may be an important factor in maintaining 
mucosal immune integrity. Since both smokers and non-smokers participants in the present study were hydrated during 




In conclusion, the present study found that an acute bout of moderate intensity exercise does not induce beneficial 
effects on mucosal immunity among smokers and non-smokers population. This might be attributed to the exercise mode 
employed in the present study. Thus, the following recommendations are advised for future studies; first by involving 
chronic effects of exercise rather than acute bout of exercise. Chronic exercise for at least 6 weeks might produce significant 
benefits of exercise among smokers. Secondly, by including measurements of other salivary antimicrobial proteins e.g. 
lysozyme and Ig A. 
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